While there is convincing evidence that excess body fatness in adulthood is positively associated with colorectal cancer risk, the association between body fatness at an early age (30 years) and the risk of colorectal cancer has been equivocal. The present meta-analysis was performed to clarify this association. PubMed and Web of Science databases were searched for relevant studies that investigated this association. The risk estimates from each study were transformed into a continuous variable for each 5 kg/m 2 increase in body mass index (BMI). A random effects model was used to calculate the summary relative risks (RRs) with 95% confidence intervals (CIs). A total of 15 observational studies (13 cohort studies and two case-control studies) were included in this meta-analysis. Each 5 kg/m 2 increase in BMI was significantly associated with a 13% (RR 1.13, 95% CI 1.08, 1.19), 17% (RR 1.17, 95% CI 1.09, 1.25) and 8% (RR 1.08, 95% CI 1.04, 1.11) higher risk of colorectal cancer overall, in men, and in women, respectively. Substantial heterogeneity was observed across studies. Based on the anatomic subsite, each 5 kg/m 2 increase in BMI was significantly associated with a 14% (RR 1.14, 95% CI 1.07, 1.22) higher risk of colon cancer, whereas no association (RR 1.03, 95% CI 0.95, 1.13) was observed with rectal cancer. In summary, body fatness at an early age may affect colon cancer risk later in life. Prevention of overweight and obesity in young individuals should be emphasized to prevent early-onset colon cancer attributed to excess body fatness.
According to the International Agency for Research on Cancer, colorectal cancer is the third most common cancer worldwide. Globally, >1.3 million new cases of colorectal cancer were diagnosed in 2012, contributing to approximately 9% of total cancer incidence. 1 In terms of mortality, approximately 694,000 deaths were caused by colorectal cancer in 2012 worldwide, accounting for 8.5% of total cancer mortality. 1 The worldwide incidence of colorectal cancer varies widely across regions. The incidence rates of this cancer have been rising in Asia, South America and Eastern Europe, while in high-income Western countries, the rates have been declining in the United States, New Zealand and France; rising in Norway, Italy and Spain; and stable in Australia and Canada. 2 The highest rates of colorectal cancer are found in Australia and New Zealand, whereas the lowest rates are observed in Africa. 1 Given these considerations, effective prevention strategies for this cancer can have a significant impact on global public health. Several modifiable risk factors (e.g., high consumption of red meat and processed meat, sedentary behaviors and obesity) have been linked to a higher risk of colorectal cancer. 3, 4 There is convincing evidence that excess body fatness, as measured by body mass index (BMI), is positively associated with colorectal cancer risk in adults. [5] [6] [7] The exact biological mechanisms for this positive association are poorly understood, but insulin, leptin, adipokines, steroid hormones and inflammation are thought to play important roles in colorectal carcinogenesis. 8 It has been suggested that certain exposures or events that occurred early in life may have consequences for cancer development later in life. 9 Moreover, body fatness during childhood/adolescence has been associated with unfavorable metabolic profiles that may contribute to carcinogenesis. 10 Thus, it is reasonable to hypothesize that the detrimental role of body fatness on later colorectal cancer risk might have started earlier in life. Despite mounting evidence linking body fatness in adulthood with risk of colorectal cancer, [5] [6] [7] the association between body fatness at an early age (30 years) and risk of colorectal cancer has been equivocal. The sample sizes in these earlier studies were relatively small, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and this may limit the likelihood of detecting a true association. Moreover, several studies reported outcomes limited to combined sexes or men/women only 18, 20, 23, 26, 27, 31 or combined anatomic subsite. 19, 24, 27, 29, 30 Hence, the potential differential effects of body fatness on colorectal cancer according to the sex and anatomic subsite of participants are largely unknown. Furthermore, the magnitude of the association differs across studies, particularly by the sex and anatomic subsite of participants. Therefore, we conducted a meta-analysis of observational studies to clarify the association between body fatness, as measured by BMI, at an early age and the risk of colorectal cancer.
Methods

Search strategy
The present meta-analysis was conducted according to the guidelines of the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group. 32 PubMed and Web of Science databases were searched for observational studies investigating the association between body fatness at an early age and the risk of colorectal cancer from inception until May 30, 2017. The following search terms were employed to identify the relevant published articles in the databases: (body mass index OR BMI OR BMI at age OR Quetelet index OR underweight OR overweight OR obesity OR adiposity OR body fatness) AND (colon cancer OR rectal cancer OR rectum cancer OR colorectal cancer) AND (young adult OR youth OR childhood OR adolescence OR adolescent OR early life OR early adulthood). We did not impose restriction on publication language, type, or year. The references cited in the original studies and meta-analyses on adulthood BMI were also reviewed to identify relevant articles that were missed during the database searches.
Study selection
The studies were eligible for this meta-analysis if the study (i) had a cohort or case-control design; (ii) reported relative risks (RRs), hazard ratios (HRs) or odds ratios (ORs) with 95% confidence intervals (CIs) for the association between body fatness (measured by BMI) at an early age (30 years) and the risk of colorectal cancer (colon cancer, rectal cancer or combined). Studies were excluded if they had a crosssectional design or reported colorectal cancer mortality/survival. If multiple articles from the same populations were identified, then articles with more applicable information, a longer follow-up duration, and a larger number of cases were selected.
Data extraction and quality assessment
The information extracted from each original study were as follows: first author's last name, publication year, country, study design, sex, mean age of the participants, number of cases/number of overall participants in cohort studies or number of controls in case-control studies, duration of follow-up (cohort study), age at BMI assessment, BMI assessment, BMI categories, outcome investigated, colorectal cancer classification, and adjustments. If multiple RRs of the association were available, the RRs with their corresponding 95% CIs from the models that reflected the maximum extent of adjustment were extracted. The 9-star Newcastle-Ottawa Scale (NOS) was used to assess the quality of each included study. 33 Literature searches, study selection, data extraction, and quality assessment were independently performed by two investigators (K.H. and C.-M.Y.). Any discrepancies concerning the inclusion were resolved through group discussion. among the included studies. Subgroup analyses according to study characteristics (the sex of participants, anatomic subsite, age-specific BMI, and adjustment for age, alcohol consumption, smoking, or physical activity) were performed to assess the potential source of heterogeneity among the included studies. In the subgroup analyses by anatomic subsite, we only considered two different anatomic locations, namely, colon cancer and rectal cancer. If the study reported risk estimates for more specific locations within the colon (i.e., proximal colon, distal colon, rectosigmoid junction), we combined these risk estimates using a fixed effects model to calculate an overall estimate for colon cancer. We did not include a study by Oxentenko et al. 23 in the subgroup analyses by anatomic subsite because this study reported risk estimates for proximal colorectal cancer and distal colorectal cancer. Meta-regression analyses were also performed to assess whether the association between body fatness at an early age and the risk of colorectal cancer was modified by study characteristics. In addition, sensitivity analyses were performed to examine the robustness of the overall findings. The statistical heterogeneity across studies was assessed using Q and I 2 statistics. For the Q statistic, p < 0.1 were considered statistically significant; for the I 2 statistic, the cut-off points were as follows: <25% (low heterogeneity), 25-50% (moderate heterogeneity) and >75% (severe heterogeneity). 37 Both Begg's rank correlation and Egger's linear regression tests were performed to investigate potential publication bias. 38 If publication bias was detected, the trim and fill method was performed to correct the bias. 39 All statistical analyses were performed using STATA software, version 11.0 (STATA Corp., College Station, TX). All p-values were two-sided, and the level of significance was set at <0.05.
Statistical analysis
Results
Study selection
The flow chart for the study selection process is presented in Figure 1 . Briefly, 529 articles were identified during our initial electronic database searches, and of these, 27 articles were eligible for full-text screening. Eight studies that investigated BMI in adulthood were excluded. Three studies [14] [15] [16] conducted in the same populations were excluded. Instead, we included the updated findings from these studies. 24, 30 One cross-sectional study 17 was excluded. Two old articles 11, 12 that could potentially be included in this meta-analysis were excluded due to the inability to obtain full access to the data and because our attempt to contact the authors failed. One eligible article 21 was found by searching references cited in the previous meta-analysis. Finally, 14 articles 18-31 were eligible for inclusion in the final analysis.
Study characteristics
A total of 15 observational studies (including 13 cohort studies (one article 30 reported two separate cohorts) and two case-control studies), with approximately 17,754 colorectal cancer cases, were included in the present meta-analysis. The characteristics of the included studies are presented in Table  1 . The publication years of the included studies ranged from 1992 to 2016. Almost all studies were conducted in welldeveloped countries of North America, Europe, and Oceania, including Australia, Canada, Finland, Italy, New Zealand, 
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Hidayat et al. Sweden, the Netherlands, the United Kingdom and the United States. Regarding the sex of participants, three studies only enrolled men, 18, 26, 31 one study specifically investigated women, 23 and the remaining studies examined both sexes. Nine studies 18, [20] [21] [22] [23] 25, 26, 28, 31 reported risk estimates according to anatomic subsite. Most studies were adjusted for a wide range of confounders, such as age, smoking, alcohol consumption, and physical activity. The incidences of colorectal cancer were ascertained by cancer registries or by medical records. Most studies used the International Classification of Diseases for Oncology to define colorectal cancer. BMI was self-reported and was retrospectively assessed in almost all studies. The quality of the included studies was good (NOS 7).
Body fatness at an early age and risk of colorectal cancer
Each 5 kg/m 2 increase in BMI was significantly associated with a 13% (RR 1.13, 95% CI 1.08, 1.19) higher risk of colorectal cancer (Fig. 2) . Test for heterogeneity indicated a high degree of heterogeneity (I 2 565.8%, p-heterogeneity < 0.01) across studies. No publication bias was observed by either Begg's rank correlation or Egger's linear regression tests (all p > 0.87). Subgroup and meta-regression analyses are presented in Table 2 . A significantly positive association was also observed in men (RR 1.17, 95% CI 1.09, 1.25; Fig. 3 ) and women (RR 1.08, 95% CI 1.04, 1.11; Fig. 3) . By anatomic subsite, each 5 kg/m 2 increase in BMI was significantly associated with a 14% (RR 1.14, 95% CI 1.07, 1.22; Fig. 4) increased risk of colon cancer, whereas no association was observed with rectal cancer (RR 1.03, 95% CI 0.95, 1.13; Fig.  4) . A significant difference between the groups was observed when comparing studies that adjusted for smoking and studies that did not adjust (p meta-regression 5 0.04; Table 2 ). Furthermore, the association remained statistically significant in the analysis restricted to prospective studies. In addition, sensitivity analyses, by omitting one study at a time, yielded RRs that ranged from 1.11 (95% CI 1.07, 1.15) to 1.14 (95% CI 1.09, 1.21).
Discussion
The present meta-analysis is the first to systematically and quantitatively report the association between body fatness at an early age and the risk of colorectal cancer. The findings from our meta-analysis suggest that higher body fatness at an early age is associated with a higher risk of colorectal cancer in men and women. However, the observed positive association appears to be limited to colon cancer, as we found no association with rectal cancer.
The associations between body fatness at an early age and certain types of cancer have been investigated in numerous observational studies. The results from these studies varied by cancer site. 22, 29, [40] [41] [42] For instance, higher body fatness at an early age positively associated with a risk of endometrial cancer 40 but inversely associated with a risk of breast cancer. 22, 29 By comparison, the association between body fatness at an early age and prostate cancer appears less defined. 41, 42 Figure 2. Forest plot of the association between body fatness at an early age (age 30 years) and the risk of colorectal cancer, per 5 kg/ m 2 increase in body mass index.
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The biological mechanisms by which body fatness could contribute to cancer risk remain poorly understood and may involve several pathways, such as insulin, sex steroid hormones, and inflammatory pathways, as well as other pathways (please refer to a literature review by Calle and Kaaks 43 for a more detailed explanation). Excess body fatness is also related to metabolic abnormalities, such as insulin resistance/ hyperinsulinemia which may lead to diabetes. 44 Hyperinsulinemia lowers the expression levels of insulin-like growth factor (IGF)-binding proteins and eventually increases IGF-I bioavailability. Extreme exposure to chronic hyperinsulinemia and IGF-I may promote carcinogenesis. 43 It has been suggested that several medical conditions characterized by insulin resistance/hyperinsulinemia, such as type 2 diabetes 45 and metabolic syndrome, 46 are associated with a higher risk of colorectal cancer. By contrast, metformin (blood glucoselowering drugs) has been shown to inversely associate with the risk of colorectal cancer. 47 While both type 2 diabetes and metabolic syndrome are indeed positively associated with overall colorectal cancer, the association is somewhat stronger for colon cancer risk than for rectal cancer risk. 45, 46 Furthermore, excess body fatness was also found to increase the production of proinflammatory cytokines, such as tumor necrosis factor-alpha and interleukin-6. 48 Oversecretion of proinflammatory cytokines from adipose tissue triggers chronic inflammation, leading to carcinogenesis. 48 An elevation in the markers of inflammation, as measured by serum C-reactive protein, was observed in individuals with excess body fatness. 49 Elevated C-reactive protein levels were also associated with an increased risk of colon cancer but not with rectal cancer. 50 These findings suggest the plausibility of the roles of insulin resistance/hyperinsulinemia and inflammation in colon carcinogenesis and, to a lesser extent, in rectal carcinogenesis. Future studies investigating the association between body fatness and cancer can benefit from incorporating biomarkers to further elucidate the biological mechanisms behind this association; moreover, exposure variables should be mutually controlled.
There have been numerous observational studies investigating the association between body fatness in adulthood and the risk of colorectal cancer. The findings from these studies were quantitatively summarized in several meta-analyses. [5] [6] [7] These meta-analyses suggest that higher body fatness in adulthood is positively associated with a risk of colorectal cancer, with a stronger association observed in men than in women. Consistently, we also found that higher body fatness at an early age was significantly associated with a 13, 17 and 8% higher risk of colorectal cancer overall, in men, and in women, respectively. Furthermore, adulthood body fatness also positively associated with risks of colon and rectal cancers, though the association is somewhat weaker for rectal cancer risk. [5] [6] [7] Similarly, our meta-analysis suggests that the association between body fatness at an early age is stronger for colon cancer risk than for rectal cancer risk. The exact reason for differential effects of body fatness on risks of colon cancer and rectal cancer is poorly understood, but there are several speculative explanations for this difference. One metaanalysis 51 suggests that increased physical activity is associated with a lower risk of colon cancer but not with rectal cancer. Physical activity per se is related to enhanced insulin sensitivity. 52, 53 As mentioned earlier, diabetes, metabolic syndrome, and C-reactive protein levels are more strongly associated with colon cancer risk than with rectal cancer risk. 45, 46, 50 Finally, the positive association between higher abdominal fatness, as measured by waist circumference, is also stronger for colon cancer risk than for rectal cancer risk. 6 Excess abdominal fatness has been suggested to be associated with unfavorable metabolic profiles (e.g., hyperinsulinemia) that could contribute to carcinogenesis. 54 Taken together, insulin resistance/hyperinsulinemia, and other obesity-related factors may be stronger risk factors for colon cancer than for rectal cancer.
Higher abdominal fatness has been associated with an increased risk of colorectal cancer in adults, and the association appears stronger than with body fatness. 6 To our knowledge, the association between abdominal fatness at an early age and colorectal cancer risk has not yet been investigated. Thus, it would be interesting for future studies to investigate the potential differential effects of different sites of adiposity on the risk of colorectal cancer in this age group.
Generally, it takes a long period for cancer to develop from the initial exposure to carcinogens to the time when first diagnosed was made. In regard to colorectal cancer, approximately 10 to 20 years of growth is required for the cancerous cell to spread to the surrounding tissues. 9 The average age at diagnosis of colorectal cancer is at an age older than 50 years, 55 but the precancerous lesions might have developed earlier in life. In the United States alone, the prevalence of obesity among children and young adults (aged 18-29 years) has tripled over the past three decades. 56 Moreover, the incidence rates of colorectal cancer have also increased by 2.4% per year in young adults (20-29 years) in the United States. 57 In the present meta-analysis, the magnitude of the increased risk of colorectal cancer associated with higher 
body fatness at an early age is relatively modest compared to the effect of body fatness in adulthood. [5] [6] [7] However, even a modest increase in risk can have significant clinical and public health implications, as the potential detrimental influence of higher body fatness on future colorectal cancer risk may have started earlier in life or at an early age, and this may raise awareness of the need for further clarification of the potential role of body fatness in the development of colorectal cancer throughout the life course. Elucidating the role of life-course body fatness in the development of colorectal cancer can provide better insights into the etiology of this cancer and thereby enable experts to develop effective prevention strategies. The present meta-analysis suggests that higher body fatness at an early age is associated with an increased risk of colon cancer. Thus, the global prevention of overweight and obesity in young individuals should be emphasized, as there is a possibility that early-onset colon cancer attributed to excess body fatness may increase in the future due to the escalating prevalence of overweight or obesity in this age group.
The question of whether early age body fatness is associated with risk of colon cancer independent of later life body fatness has not been answered fully. Thus far, there has been only one study 30 on early-age body fatness adjusted for current BMI to clarify its independent role. This study reported that higher body fatness in women, but not in men, was positively associated with risk of colorectal cancer. Given the high correlation between early-and later-life body fatness, [58] [59] [60] [61] [62] it is almost impossible to isolate the effects of earlyand later-life body fatness on the risk of colon cancer. In other words, overweight or obese children tend to be overweight or obese at an older age. As expected, little is known about the most relevant period by which the link between the detrimental effect of body fatness on the risk of colon cancer begins, but at least there is an apparent correlation between excess body fatness in early-and later-life, [58] [59] [60] [61] [62] suggesting that excess body fatness at a young age is difficult to be reversed once individuals are exposed to it. This further justifies the need for early intervention to prevent overweight or obesity. Future studies on body fatness at an early age should perform further adjustment for current BMI.
There are several limitations that warrant caution in the interpretation of the current findings. First, we were unable to conduct subsite-specific meta-analysis due to the limited studies that reported risk estimates by anatomic subsite. Second, early-life BMI was obtained by recalling the participants' BMI during that period, and such a method is prone to recall bias that may lead to misclassification errors. Third, although the test for publication bias showed no evidence of bias, we failed to review two articles 11, 12 that could potentially be included in the present meta-analysis. However, this seems unlikely to influence our findings as most studies showed clear patterns toward a positive association. Fourth, despite the positive association between higher body fatness at an early age and the risk of colorectal cancer persisted even after further adjustment for confounding age, alcohol, smoking, and physical activity, the potential unmeasured confounders or the residual confounders should also be considered. For instance, we were unable to perform adjustments for several possible confounders, such as red meat and processed meat consumptions, energy intake, sugar intake, and the intake of refined grains and starches; high exposure to these factors have also been linked to an increased risk of colorectal cancer. 63 Fifth, the substantial heterogeneity was observed across studies; however, the sex of participants and adjustment for confounding smoking appear to be the reasons for the observed heterogeneity. Finally, almost all of the included studies were conducted in well-developed Western countries where the incidence rates of colorectal cancer are higher than other regions.
1,2 Therefore, these findings need to be validated in other populations, particularly in Asian and South American countries, as the increasing trends in colorectal cancer incidences are observed in these regions. 2 The Asian and South American populations are also known to have relatively different cultures and lifestyles compared to Western populations. Despite all these limitations, this meta-analysis contributes to the current literature on adiposity, epidemiology, and oncology. In summary, body fatness at an early age may affect colon cancer risk later in life. Prevention of overweight and obesity in young individuals should be emphasized to prevent the possibility of early-onset colon cancer attributed to excess body fatness. Additional studies are needed to draw reliable conclusions about the association between body fatness at an early age and the risk of rectal cancer. In addition, future studies with multiple points in the life course accompanied by biomarkers can be useful to elucidate the most relevant period where body fatness is more detrimental to the development of colon cancer.
